Ischemic stroke is still a very common disease with quite serious consequences. Modern medicine considers in this regard its main task in the curation of such patients, the maximum possible restoration of the functions of the affected brain and the volume of its control over the body. Due to the rapid development of medicine associated with the emergence of innovative technologies in the field of rehabilitation, hardware methods of rehabilitation today have gone far ahead and have in their arsenal a lot of high-tech tools. For this purpose, a search is being made for means of increasing the activity of brain cells located in the affected area. Of particular importance in this regard are the methods of rehabilitation in the early recovery period after ischemic stroke using robotic methods of mechanotherapy, one of which is the use of the Lokomat system. Among them, a prominent place is occupied by the walking training system -Lokomat, consisting of robotic orthoses and a body support device, which are combined with a treadmill. Information about the successful use of Lokomat during the rehabilitation of patients with movement disorders is still scattered, and this required their generalization and understanding. The main advantage of this system is the ability to effectively control and ensure high intensity, repeatability (reproducibility) and purposefulness of the trained movements. The convincing advantages of automated training on the Lokomat system compared to traditional rehabilitation in terms of various clinical indicators in patients with post-stroke hemiparesis have been identified. It was shown that in patients trained on the Lokomat system, a single support on the paretic leg intensified, which contributed to a more symmetrical gait. This system is more than other devices and technologies designed for learning to walk, in line with the modern approach to the restoration of impaired motor functions. The inclusion of training sessions on the Lokomat robotic system in the comprehensive treatment of patients with poststroke hemiparesis leads to a marked improvement in movement skills. This is associated with a pronounced restructuring against the background of its use of the motor stereotype of walking, which makes it possible to increase the effectiveness of recreational activities in post-stroke patients.
To date, the stroke remains one of the most important reasons for the high pathological abnormalities, disability and mortality 1 . In addition to a large medico-social damage, stroke also causes significant economic damage, as very often it develops in people of working age. For these reasons, the present researchers special attention is paid to acute circulatory disorders, developed on the background of stenosis of the cerebral arteries 2 . C o n s i d e r i n g t h e r a t h e r s e v e r e consequences of ischemic stroke, modern medicine considers physical rehabilitation as the main task for the curation of such patients, that is, the maximum possible restoration of the functions of the affected brain and the amount of its control over the body. To this end, various means are being sought to increase the activity of brain cells located in the affected area 3 . Of particular importance in this regard are the methods of rehabilitation in the early recovery period after ischemic stroke using robotic methods of mechanotherapy, one of which is the use of the Lokomat system 4 . This approach to rehabilitation is gathering more and more supporters as more information is accumulated on its successful use during the rehabilitation of patients with poststroke hemiparesis 5 . Various advantages of automated training on the Lokomat system were revealed in relation to traditional rehabilitation in terms of the clinical parameters of walking in patients with poststroke hemiparesis 6 . In patients who received training on the Lokomat system, the duration of a single support on the paretic leg increased, which contributed to a more symmetrical gait 7 . At the same time, information on the successful use of Lokomat in the course of rehabilitation of patients with movement disorders is still very fragmented, and this requires their generalization and reflection to create recommendations on the use of this rehabilitation complex in patients who have had ischemic stroke and with varying degrees of neurological deficit.
The purpose of the study is to summarize and examine information about the effectiveness of rehabilitation of patients with ischemic stroke, evaluating the place in her mechanotherapy using hardware Lokomat.
Modern view on the problem of ischemic stroke
Stroke is an acute violation of cerebral circulation in a particular arterial pool, which leads to the appearance of a focus of necrosis in the brain tissue and is accompanied by persistent pronounced neurological deficit. Currently, stroke is a very common form of disorders of cerebral circulation. In Russia, the mortality rate from this disease remains one of the highest in the world, with more than 400000 cases of stroke annually recorded, which, if not fatal, lead to persistent disability 8 .
The main risk factors for the development of ischemic stroke are usually attributed 9 : atherosclerosis, its combination with untreated hypertension; diabetes; tobacco smoking; obesity, hyperlipidemia; history of thromboembolism; male gender (men have strokes more often) and old age.
The pathogenesis of stroke is based on the "ischemic cascade," which develops during an ischemic stroke during 8 stages 10 : First: the reduced blood flow to the top of the ischemic threshold; Second, the Hyper-production of glutamate (an amino acid which in large quantities has a toxic effect on the brain). Third: the development of the phenomena of edema of brain tissue (due to the impact of glutamate in the cells begins to accumulate water, sodium, calcium); Fourth: activation of intracellular enzymes, thereby increasing the sensitivity to glutamate; Fifth: the increase of NO synthesis, which leads to dilatation of the vascular wall and affects the inflow and outflow of blood in brain tissue; Sixth: a flood in the blood level of the inducers of apoptosis. Seventh: the transformation of ischemia to hemorrhage (change in haemorrhagic stroke) -it happens not always. Eighth: apoptose activation and massive cell death.
Very often, possible acute onset of illness with rapid neurological symptoms, and neurological deficit. Thus the patient can clearly indicate the start time of their illness. This condition is quite common for embolic stroke option, especially if there is a patient of atrial fibrillation. It is also possible unduliruû]ie beginning: symptoms of brain damage are fluctuating in nature and gradually increase in time. Possible often tumorlike beginning: ischemia increases slowly, affecting extensive areas of the brain. The result is a detailed stroke with a large lesion of the brain tissue 10 . The first signs of a stroke are: impaired or impaired speech, severe headache that does not come after taking neuroprotectors and vasoactive drugs, weakness and numbness of half of the body, severe dizziness, accompanied by nausea and vomiting, loss of orientation in space, time and self, sudden blindness in one eye or loss of visual fields
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There are the following options for stroke 12 : -Cardioembolic: emboli are blood clots that form in the heart cavity during atrial fibrillation, mitral heart disease, or after a recent myocardial infarction; -Atherothrombotic: an atherosclerotic plaque builds up in the lumen of large arteries, which then ulcerates and thrombi form at this place; -Hemodynamic: stroke develops on the background of stenosis of about 70% of intracranial and extracranial vessels in combination with a sharp drop in blood pressure; -Hemorheological: thrombosis in the vessels of the brain occurs due to hematological diseases with symptoms of hypercoagulation -erythremia or thrombocythemia; -Lacunar infarction: thrombosis of cerebral arterioles in the subcortical nuclei. The diameter of the lesion is often 15 mm and is characterized by a specific clinic and therefore is allocated in a separate group.
The main ones in the localization of a lesion are vascular basins 10 : carotid pool (internal carotid artery; anterior cerebral artery; middle cerebral artery) and vertebrobasilar basin (vertebral; basilar artery; cerebellar arteries; posterior cerebral artery; thalamus vessels). The lesion clearly corresponds to the specific vascular basin in which the brain catastrophe occurred (Figure 1 ). However, regardless of the lesion, cerebral symptoms appear in the form of depression of consciousness, headache and dizziness. It is more pronounced with extensive hemispheric infarctions, cerebral and cerebellar infarctions.
In the development of ischemic stroke decided to allocate the following periods 12 : -The most acute is the first 3 days. In the acute period, the leading value is given to the first three hours after the onset of cerebral catastrophe -the so-called therapeutic window (it is during this period of time that it is possible to actively and drastically influence the course of a stroke by conducting thrombolytic therapy; -Sharp -up to 28 days. If the neurological deficit regresses to 21 days, then this condition is regarded as a minor stroke; -Early recovery -up to six months; -Late recovery -up to 2 years; -The period of residual manifestations is more than 2 years.
Thus, ischemic stroke is a very dangerous disease that can lead to disadaptation of a person and his persistent disability or death. In this regard, their timely and effective rehabilitation, which is able to give them a chance for the maximum possible recovery of their lost functions, is of particular importance for these patients.
Basics of rehabilitation for patients with ischemic stroke
It is recognized that rehabilitation after an ischemic stroke should include a complex of active medical, psychological, educational, socio-economic and professional measures aimed at restoring impaired functions and social rehabilitation of patients. The use of neuroprotectors and vasoactive drugs, which increase the degree of recovery of neurological defects, is of great importance when carrying out rehabilitation measures 13 .
The main goal of rehabilitation of patients undergoing ischemic stroke at the hospital stage and after the patient is discharged from the hospital is the restoration of impaired functions, prevention and treatment of post-stroke complications (pneumonia, bedsores, urinary tract infections, deep vein thrombosis of limbs, arthropathies, septic conditions), walking training and speech, as well as self-service techniques 14 . Great impact on the outcome of rehabilitation for ischemic stroke and the degree of restoration of impaired functions has the timeliness of hospitalization of the patient in a medical institution, the intensity of treatment at the hospital stage and the subsequent early admission of the patient to specialized rehabilitation centers. The clarity of the phasing, systematic and long duration of the rehabilitation process, as well as the active participation in the rehabilitation activities of the patient himself, has a strong influence on the prognosis for life, social adaptation and working capacity 15 . An important aspect affecting the possibility of a more complete recovery of neurological and mental defects after suffering ischemic stroke, participation in the rehabilitation process of doctors of different profiles -neurologists, speech therapists, neuropsychologists, massage therapists, physiotherapists, social workers, kinesitherapy specialists, occupational therapists, biological specialists feedback with the mandatory complexity and adequacy of rehabilitation measures 16 . It is best for the patient in the early recovery period of rehabilitation to get into the local specialized neurological sanatorium, where he will continue recovery of all impairments (motor, sensory, vestibular, neuropsychiatric disorders) with the help of medical gymnastics and physical culture, physiotherapy, massage, mud therapy, acupuncture and treatment with neuroprotective agents and vasoactive drugs 17 . The physical exercises of physiotherapy in these patients should be aimed at a gradual increase in range of motion, normalization of increased muscle tone, increasing the ability to arbitrary movements of the muscles in the form of walking, standing and lost skills of domestic self-service 18 .
In the acute, the acute and early recovery periods, generally dominated by passive movements which stimulate the appearance of active movements, prevent the development of contractures, improve circulation of blood and lymph circulation and optimizes muscle tone. At this time, is to start active training of the patients sitting, standing, walking and self-care 16 . In the late recovery period and in the period of residual effects, the use of physical exercises is aimed at improving existing walking skills with resistance training in a vertical posture ( Figure  2 ). Important methods of rehabilitation of such patients are also massage and electrostimulation of the neuromuscular apparatus 19 . The results of the successful restoration of the disturbed functions in patients after ischemic stroke are summarized in the later recovery period. The outcomes of recovery are divided into five classes of recovery 20,21 : class 1 is the highest degree of recovery of neurological defects and disability with complete regression of neurological impairment; class 2 -a significant but incomplete regression of lesions with the return to work with restrictions or in less skilled jobs and total independence in everyday life; class 3 corresponds to the disability and the presence of partial dependence on others. Patients need assistance when using the bathroom, lace up shoes, dressing up and moving out of the premises; grade 4 corresponds to a great extent from ones in everyday life with the violation of all types of adaptation. They with help can move within the facilities, wash, dress and use the toilet;
class 5 -a complete loss of self and household dependence on others. In order to determine the prognosis for the restoration of impaired functions and the ability of the patient to return to work in each particular case, the so-called rehabilitation potential should be determined. With it, the patient is evaluated on the basis of a complex of medical, psychological and social factors, the real possibilities of restoring impaired functions and abilities of the body. When assessing the rehabilitation potential, one should take into account the possibility of reversibility and compensability of the patient's abnormalities, the patient's psychological readiness for rehabilitation, the presence and severity of comorbidities, the possibility of compensating the pathology with the help of technical means, and the possibility of maintaining the existing level of pathology during its progressive course 22, 23 . Thus, the rehabilitation of patients after ischemic stroke should include a complex of active medical, psychological, socio-economic and professional measures aimed at the maximum possible restoration of impaired functions of patients and their social readaptation.
Improving potential of modern hardware rehabilitation tools
Rehabilitation of different categories of post-stroke patients is one of the priorities of modern medicine worldwide 19 . It is believed that with a properly selected set of rehabilitation measures, it is often possible to return the patient to an active life 24, 25 . At present, the use of hardware rehabilitation tools takes a serious place in rehabilitation programs 26 . The main indications for hardware rehabilitation are diseases of the spine, joints and muscles, pathology of the central nervous system and peripheral nerves, as well as diseases of the internal organs. With the help of hardware rehabilitation, motor functions are fully restored and metabolic processes are activated, general and local hemodynamics are improved, tissue trophism is enhanced, a general tonic effect is achieved. Proper and effective use of modern hardware, taking into account the use of new technologies in the diagnosis and treatment significantly affects the effectiveness of any rehabilitation measures 27, 28 . When carrying out rehabilitation measures, an appropriate level of equipment of the material and technical base of medical institutions . Post-stroke patient rehabilitation using Lokomat that solve rehabilitation tasks of different levels is of paramount importance 29, 30 . On the market today, you can find a huge number of hardware rehabilitation. This method is called mechanotherapy. He showed high potential in terms of restoration or compensation of disturbed functions of the body. It is based on the use of devices that facilitate movement, or increase simultaneously the efforts for their implementation. It is successfully used in combination with other methods of medical rehabilitation 31, 32 . The history of the development of mechanotherapy began in the nineteenth century, when Gustav Zander, Professor of Uppsala University (Sweden), created a system of gymnastics, which he called machine. G. Zander had a deep knowledge of gymnastics counter and thought that since this gym depends entirely on the practitioner, it is difficult to expect accurate dosage of resistance. He developed a special apparatus that gave the opportunity to more accurately dosed exercise without practitioner. Mechanical devices Zander quickly became widespread throughout the world 30 . The basis of mechanotherapy are dosed rhythmically repeat the exercise on special machines with the aim of restoring joint mobility (on pendulum), facilitate the movements and strengthening muscles (on block type) and General health (isokinetic machines). Exercises have a positive impact on certain joints or muscle groups and can be dosed in the ratio of the amplitude of motion, the drag force and rate with the help of special devices
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It is proved that the local impacts of the different apparatuses excitation occurs proprioceptors and Central zones of the engine analyzer. The result is a broad impact on the whole organism through the autonomic nervous system (figure 3). This mechanism metronomically and motorotonic reflexes to exercising limbs increases blood flow 34, 35 . Long weak rhythmic irritation provide a total concentration of excitation in the nervous centers, through the irradiation and induction leads to the emergence or strengthening of the reflex motor discharge. The cyclical nature of muscle activity during classes contributes to the improvement of voluntary regulation of contraction and relaxation of the muscles and also lead to an increase in muscle strength 36, 37 . A c c o r d i n g t o t h e p u r p o s e , t h e rehabilitation equipment can be divided into a number of main groups 38 : the device is mainly a local impact on individual muscle groups and joints of the extremities -mechanotherapy equipment (simulators); more complex devices for training global motor acts and functions of the main internal organs (cardiovascular and respiratory systems) -cardiovascular equipment; electronic-computer complexes, with the help of which the monitoring of the training of various physiological functions is carried out on the basis of the principle of biological feedback -devices for complex diagnostics of movements Tergumed 3D, Biodex System; devices designed to mobilize patients -the Erigo verticalizer, the Lokomat robotic orthopedic device for restoring the skills of walking, the equipment for moving patients (elevator).
According to the method of motor activation, all hardware is divided into 36 : devices of active action; passive devices; robotic devices active-passive action.
The basis of the apparatus of active action, or simulators, is to obtain a mechanotherapeutic effect due to the patient's own muscular activity. The use of sports simulators in rehabilitation has limitations. This is due to the fact that the loads used in them do not have low thresholds that are permissible for patients. Adjustment of sports simulators is possible only within the limits originally characteristic of a healthy person. This drawback is overcome in specialized simulators. Unlike sports, they are designed taking into account the physical condition of the patient and the possible presence of comorbidities [39] [40] . The main task of mechanotherapy on the devices of passive action -an increase in mobility in an isolated joint is solved by dosed stretching of soft paraarticular tissues with maximum muscle relaxation. Effectiveness is due to the fact that passive movement is performed according to an individually selected program without active contraction of the periarticular muscles (joint stabilizers) 41 . The advantage of such devices over other types of mechanotherapy is the possibility of their earlier use. Apparatus of passive action provides the possibility of mechanical stretching of tissues with muscle spasticity, which helps to eliminate articular contractures 42, 43 . At the same time, patients with bed rest need regular physical exertion to prevent secondary complications, including pneumonia, pressure sores, dysfunction of the pelvic organs and thromboembolic complications 44, 45 . Means of active-passive exposure can prevent unwanted complications. First of all, they include specialized robotic systems 36, 46 , in particular, Erigo. It allows the patient to verticalize, cyclic load on the lower limbs using a special inclined table with an integrated robotic orthopedic device having automatic regulation. The Erigo system combines the simultaneous dynamic movement of the lower extremities and the physiological load on them (the movements of the lower extremities correspond to the physiological movement of the hip, knee and ankle joints). This system is used in the early stages of rehabilitation (starting from the first day of the disease). With early patient verticalization, prevention of secondary complications is performed, orthostatic training is performed, the cardiovascular system is activated, and afferent stimulation is intensified 47 . Thus, the health potential of modern apparatus for the rehabilitation of post-stroke patients allows them to significantly improve their health, increase the effectiveness of rehabilitation and reduce the risk of potentially possible complications.
The possibility of using the device Lokomat in rehabilitation practice
Methods of physical rehabilitation of poststroke patients, as a rule, are aimed at teaching the patient the proper walking skills 48 . To restore the maximum possible correct gait, they use methods of kinesitherapy and work with specially trained instructors 35 . It requires a lot of human, intellectual, physical and economic costs. At present, robotized technologies are introduced into the practice of rehabilitation, which allow not only to reduce costs, but also to exclude the human factor of improper patient education. Special robots use biofeedback mode. It allows you to estimate the percentage of the patient performing active or passive movements, "imposed" by the robot 49 . Among physical methods, the modern mechanized robots Lokomat simulators come out on top in the 21st century. These are robotic orthopedic devices for restoring walking skills. Lokomat is able to provide external mechanical control of the movements of the lower limbs, regardless of the level of consciousness and movement control by the patient (Figure 4) . The action of the system contributes to the restoration and preservation of joint mobility. It provides prevention and treatment of dystrophic processes in soft tissues and prevents osteoporosis 50 . The Lokomat robot is a slave gait orthosis that automates movement therapy on a treadmill and increases the effectiveness of learning to walk after injury and stroke. The use of Lokomat significantly improves the results of therapy, providing a high intensity of individual rehabilitation, using the principle of feedback 49 .
There are 2 models of Lokomat: Lokomat Pro and Lokomat Nanos 50 . Lokomat Pro has the perfect compact equipment. It has a wide feedback function and a touch screen. In addition to Lokomat Pro, a more compact version of the device -Lokomat Nanos was created. Like Lokomat Pro, it can increase the effectiveness of rehabilitation. It is suitable for outpatient and non-ambulatory conditions. Thanks to its compact format, Lokomat Nanos is designed for small spaces and is suitable for rooms that have a ceiling height of 240 cm. Despite its compact size, the simulator is provided with all the necessary functionality for effective rehabilitation. Exercise occurs in single mode under the supervision of an operator. The main indicator of improved walking in classes is to increase the accuracy of movements and increase motivation through visualized feedback 51 . Pledged feedback tools in both versions of Lokomat display walking activity in real time and provide a high level of patient motivation. By walking on a treadmill, the patient receives the necessary information from the receptors of the lower extremities, which allows him to resuccessfully form the skills of motor activity 52 . The computer-controlled robotic Lokomat engines are precisely synchronized with the speed of the treadmill (range from 1 to 3.2 km / h). They set the patient's foot to a trajectory of movement that is close to the physiological pattern of walking. The user-friendly computer interface allows the therapist to effortlessly control Lokomat and adjust the workout parameters according to the needs of each patient.
New competitive programs increase long-term patient motivation. Lokomat Pro game programs offer exciting exercises that increase patient motivation and activity, providing elements of competition with an intuitive assessment system. Functional enhanced feedback motivates the patient to improve walking parameters 53 . The real-time adaptive intensity of the mechanical assistance to movement contributes to a more active participation of the patient in rehabilitation. An integrated feedback system monitors the patient's gait and is visually displayed in real time, increasing the patient's motivation and encouraging him to actively participate 54 . Thus, Lokomat is a modern robotic orthosis that performs the physiological movements of the lower extremities especially effectively in post-stroke patients with impaired walking, which increases the success of their rehabilitation.
ConCLusIon
Thanks to the rapid development of medicine that is associated with the emergence of innovative technologies in the field of regenerative medicine, hardware and methods of rehabilitation today has gone far ahead and have at their disposal a variety of high-tech means. Among them the visible place is occupied by the system for walk training -Lokomat, consisting of robotic orthoses and devices to support the body, combined with a treadmill. The main advantage of this system is the ability to effectively control and provide high-intensity, consistency and focus of train movements. This system to a greater degree than other devices and technologies designed for learning to walk, meets the modern approach to restoration of disturbed motor functions. The inclusion of training on the Lokomat robotic system in complex treatment of patients with poststroke hemiparesis results in significant and early improvement of their movement skills. This is due to the significant positive restructuring against the background of its use, movement patterns walk, reflected in the significant improvement in the temporal parameters of the step, and improve the kinematics of walking, which significantly improve the efficiency of health measures in post-stroke patients. 
